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Abstract
We present a class of supersymmetric models which address the flavor puzzle and have an inverted hierar-
chy of sfermions. Their construction involves quiver-like models with link fields in generic representations.
The magnitude of Standard-Model parameters is obtained naturally and a relatively heavy Higgs boson
is allowed without fine tuning. Collider signatures of such models are possibly within the reach of LHC
in the near future.
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1 Introduction
It is now an exciting period for supersymmetry (SUSY), as the LHC is closing in on simplified SUSY
models pointing theorists towards certain parts of parameter space. As the experimental limits are getting
exceedingly harder for gauge mediated SUSY-breaking models which are flavor blind (see [1] for a summary
of current collider constraints), one possibility [2, 3] that is being extensively explored now is “effective
supersymmetry.” This “more Minimal Supersymmetric Standard Model (MSSM)” is supersymmetric
in the UV but may differ significantly from the MSSM; near the weak scale it necessarily includes just
the particles required for naturalness. Hence, this type of models often possess an inverted hierarchy of
sparticle masses, i.e. the stop being relatively light while the sup and scharm may be considerably heavier
(and similarly for the down-type squarks); see e.g. [4, 5, 6, 7, 8, 9].
In addition to being motivated by current trends in collider limits, the models of inverted hierarchy
might be related to one of the biggest and yet unsolved puzzles of particle physics, viz. the flavor problem.
The first level of difficulty lies in providing an explanation to the SM fermion mass hierarchy and the
CKM matrix. The second level of trouble is due to the mixing of squarks, generically giving rise to flavor
changing neutral currents (FCNCs). Several ways of addressing the flavor puzzle have been put forward in
the literature. One of them involves horizontal symmetries which suppress some of the Yukawa couplings
[10] and in turn FCNCs. Another possibility is having a strongly coupled conformal sector which provides
large anomalous dimensions for the first and second generations of sfermions [11, 12, 13]. Finally, a
third possibility, investigated in this note, is that the fermion textures are generated by irrelevant (gauge-
invariant) operators due to a quiver-like, UV completed theory, which in turn also provides a sfermion
hierarchy, i.e. the sought-for inverted hierarchy of sparticle masses. Our construction follows that of
[14], which uses bifundamental link fields in their quiver construction, whereas we allow for generic
representations of the link fields.
The explicit model constructed in this note generates sfermion masses via both gauge and gaugino
mediated SUSY breaking; the first two generations enjoy gauge-mediated contributions to their masses
while the third generation receives mass due to gaugino mediation. In the examples that we study here,
the Yukawa texture turns out to be rather similar to that realized in single-sector SUSY-breaking models,
see e.g. [15, 16, 17, 18, 19], where the first and second generation sfermions are composite while the third
generation is elementary. In terms of the messenger scale M and the Higgsing scale of the link field v,
there are in principle three possible regimes to explore: M ≪ v, i.e. providing a flavor blind sparticle
spectrum; M ∼ v, i.e. giving rise to a relatively mild sparticle mass hierarchy; and finally, M ≫ v, which
potentially provides a large hierarchy. 1
While restricting here to a minimal gauge mediation (MGM) sector of SUSY breaking, this can be
extended using the General Gauge Mediation (GGM) formalism [20, 21, 22]. For instance, to realize our
setup in a dynamical SUSY-breaking model, as e.g. [23], one needs to consider a more general messenger
sector. Such an embedding of direct gaugino mediation was studied in [24].
The organization of this note is as follows. In sec. 2, we present the minimal version of our models,
based on a quiver-like construction with two gauge groups; this realizes the observed mass hierarchy
between the third and the first two generations of fermions. In sec. 3, we consider naturalness in our class
of models, even for a relatively heavy Higgs particle. In sec. 4, we describe an extension which gives rise
also to the hierarchy between the first and second generations of fermions. Finally, we conclude in sec. 5
with a short discussion and outlook.
1The latter gives rise to Landau poles in our examples of interest (even for M of order of 100v or so).
1
2 Two nodes model
Gaugino mediation [25, 26] produces a spectrum where the sfermion masses are suppressed with respect
to the gaugino masses. It can be deconstructed [27, 28] in terms of quiver gauge theories Higgsed to the
Standard Model (SM) gauge group by the link fields at low energy. In this setting all the SM matter fields
are charged under the same gauge group which is connected by link fields (directly or via other gauge
groups) to another gauge group under which the messengers of SUSY breaking are charged. In order to
produce the sought-for inverted hierarchy of sfermion masses, the supersymmetric SM generations are
split such that the first two generations are charged with respect to the same group as the messenger
fields while the third generation as well as the Higgses are charged under a different group. In this section
we consider the two nodes model in fig. 1.
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Figure 1: A diagram describing the model with GA, GB being gauge groups and χ, χ˜ being link fields.
Let us step back for a moment and consider the following representations: 2
R SU(3) SU(2) U(1)
Q 3 2 1/6
uc 3¯ 1 −2/3
dc 3¯ 1 1/3
L 1 2 −1/2
ec 1 1 1
Without any prejudices we can now consider couples of link fields χR, χ˜R, in the representation (R, R¯)
and (R¯,R) of the group GA × GB , and we choose GA, GB = SU(3) × SU(2) × U(1), for simplicity. R
can be one of the representations given in the table above. A single couple of link fields is in general not
sufficient for providing all the SSM Yukawa couplings and hence we propose the skeletal link of fig. 1 to
consist of at least two couples of fields e.g. {χR1 , χR2 , · · · }. A single couple of bifundamental link fields
of SU(5) corresponds in our notation to {χdc , χL}, which is the case studied in detail in [14], while [6]
considered the case of {χQ, χL}.
When a choice is made, the link fields give rise to Yukawa textures for the fermions of the SM in terms
of higher dimension operators. As an example, we can have
λuij
Λ2
QiHuu
c
jχucχQ , (1)
where i, j = 1, 2 are generation indices and the labels on the χs denote the representation under which
they transform. This particular example generates a Yukawa matrix
Y uij = λ
u
ijǫuǫQ , i, j = 1, 2 . (2)
Here we have defined ǫR ≡ vR/Λ, where vR is the VEV of χR, χ˜R and Λ is the UV scale of flavor dynamics.
Similar operators are needed for the complete set of three generations, as well as for the down and lepton
sectors.
2They consist of the representations identical to those of a single SM generation.
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To break GA ×GB to the SM group GSM we must include link fields charged under both SU(3) and
SU(2). Moreover, to choose the ideal representations for the link fields we need to check if they reproduce
naturally the quark masses and the CKM matrix. The minimal choice required for these purposes is one
of the following five possibilities: {χL, χuc}, {χL, χdc}, {χQ, χL}, {χQ, χuc}, {χQ, χdc}. It turns out that
one can easily obtain such textures with all λuij, λ
d
ij generically being close to one, in the cases {χQ, χuc}
and {χQ, χdc}. The case {χQ, χL} requires an extra hierarchy of a factor of roughly 3 between the different
couplings relative to the previous ones, while the choices {χL, χuc}, {χL, χdc} require an extra factor of
20 tuning, instead.
Interestingly, the 10 of SU(5) decomposes under SU(3)× SU(2)× U(1) as Q⊕ uc ⊕ ec. The texture
of the quark sector is blind to the inclusion of the link χec and hence does not alter the above argument.
The effect on the sleptonic sector is a possible increase in the slepton masses which can be useful for the
RG evolution not to drive the stau tachyonic. In the following we will thus focus on the choice of link
fields {χQ, χuc , χec}.
Since we include higher dimension operators, B or L-violating operators, such as
QQQL
Λ
,
ucucdcec
Λ
,
LHuLHu
Λ
, (3)
cannot be avoided by imposing R-parity. If Λ is below the GUT scale, we are forced to impose either
baryon or lepton number conservation to prevent proton decay. The last operator in eq. (3) could be
envisioned to provide neutrino masses via a seesaw mechanism if Λ is bigger than roughly 1013 GeV. In
the following we will usually impose both R-parity as well as baryon and lepton number conservation.
2.1 Two nodes model with link fields {χQ, χuc , χec}
Due to the discussion above, we consider the link fields {χQ, χuc , χec}. The Yukawa textures in this case
are
Y u ∼

ǫuǫQ ǫuǫQ ǫQǫuǫQ ǫuǫQ ǫQ
ǫu ǫu 1

 , Y d ∼

ǫuǫQ ǫuǫQ ǫQǫuǫQ ǫuǫQ ǫQ
ǫ2Q ǫ
2
Q 1

 , Y e ∼

ǫuǫQ ǫuǫQ ǫuǫQǫuǫQ ǫuǫQ ǫuǫQ
ǫe ǫe 1

 , (4)
where each element of the matrices is multiplied by the coefficient λu,d,eij , respectively.
3 For randomly
chosen order one coefficients, generically this texture predicts the following ratios
mu
mt
∼ mc
mt
∼ md
mb
∼ ms
mb
∼ me
mτ
∼ mµ
mτ
∼ O(ǫuǫQ) , mt
mb
∼ mt
mτ
∼ tan β , (5)
explaining only the mass hierarchy between the second and third generations, whereas the hierarchy
between the first and second generations can be reproduced by tuning the coefficients in such a way that
the first two rows are nearly parallel vectors. The optimal value of the ǫs can be read off the mass ratio
ms/mb to be roughly ǫQ ≃ ǫu ≃ 1/10. With these values, the mass hierarchy in each sector – the up-type
quarks, down-type quarks and leptons – is reasonable and, moreover, for a sufficiently large tan β, the
ratio between the down-type quark and lepton masses to the up-type masses is also reasonable.
Note that by not imposing lepton number conservation at the scale Λ, a neutrino mass matrix is also
generated (in flavor basis):
mν ∼ v
2
ew
Λ

ǫ2uǫ2Q ǫ2uǫ2Q ǫuǫQǫ2uǫ2Q ǫ2uǫ2Q ǫuǫQ
ǫuǫQ ǫuǫQ 1

 , vew = 174GeV . (6)
3The texture of Y u is identical to that of the single-sector SUSY breaking in [15, 18], while Y d differs slightly in the lower
triangular part.
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Even for Λ ∼ 1014GeV, which potentially could produce viable neutrino masses, the matrix mν requires
some tuning to reduce the big hierarchy in the masses and improve the lack of large mixing angles.
The link fields give rise to the masses of the SM fermions, via Λ-suppressed terms, but we also need
to ensure that they decouple from the SM, ideally by a similar effect. To avoid Landau poles they should
have masses at least of the order of their VEVs, 〈χR〉 = 〈χ˜R〉 = vR. Assuming that the superpotential
for the link fields is indeed generated by physics at the UV scale Λ, it takes the form
W =− µQ χαiβjχ˜βjαi − µu χαβ χ˜βα − µe χχ˜
+
χαiβjχ˜
βj
γsχ
γs
σrχ˜σrαi
Λ
+
χαiβjχ˜
βr
αtχ
γt
σrχ˜
σj
γi
Λ
+
χαiβjχ˜
σj
γiχ
γ
σχ˜
β
α
Λ
+
χαβ χ˜
β
γχ
γ
σχ˜σα
Λ
+
(χχ˜)2
Λ
, (7)
where the field χαiβj transforms as Q, with α the SU(3) index and i the SU(2) index under the group GA,
and as Q¯ for β, j under the group GB . The field χ
α
β transforms as u¯
c under the group GA and as u
c under
the group GB . Finally, χ is a singlet with charge −1 under U(1)A and 1 under U(1)B . The fields with
tildes transform under the conjugate representation with respect to the fields without tildes. This is not
the most general superpotential, but it is sufficient to break GA×GB to GSM as well as to give mass to all
the link field components which are not eaten by the super-Higgs mechanism. We take the coefficients of
the irrelevant terms in the above superpotential to be equal as an illustrative example. At the minimum
where GA ×GB → GSM, we have
〈χαiβj〉 = vQδαβ δij , 〈χαβ〉 = vuδαβ , 〈χ〉 = ve , (8)
where the VEVs vR are related to µR in eq. (7) via
µQ =
14v2Q + 3v
2
u
Λ
, µu =
6v2Q + 2v
2
u
Λ
, µe =
v2e
Λ
. (9)
The spectrum obtained at this minimum of the potential, for equal VEVs, is as follows. An (8,1) and
a (1,3) have masses 4ǫv; two (8,1)’s have masses 5ǫv and 9ǫv, respectively; two (8,3)’s have masses
11ǫv and 15ǫv, respectively; and, finally, four singlets have masses {1.3ǫv, 4ǫv, 4ǫv, 30.7ǫv}. Since we
take ǫ ≃ 1/10, most of the matter acquires a mass of order v. There are still remaining an (8,1), a
(1,3) and one singlet, which acquire a mass via the super-Higgs mechanism. In addition, there is a
massless Goldstone boson coming from a global U(1) symmetry under which χ has charge 1 and χ˜ has
charge −1. We can get rid of this state by introducing e.g. the following term in the superpotential:
ǫα1α2α3ǫ
β1β2β3χα1β1χ
α2
β2
χα3β3χχ/Λ
2.
2.2 RG evolution
Let us first discuss the various scales in the problem. We found that the ǫs should be of order 1/10, which
means that Λ is only an order of magnitude bigger than v. The mass-squared matrix of the gauge bosons
is
M2Vk = 2v2k
(
g2Ak −gAkgBk
−gAkgBk g2Bk
)
, (10)
v21 ≡
v2Q
5
+
8v2u
5
+
6v2e
5
, v22 ≡ 3v2Q , v23 ≡ 2v2Q + v2u . (11)
Its zero eigenvalues amount to the SM gauge particles, while the heavy gauge bosons have masses
m2vk = 2
(
g2Ak + g
2
Bk
)
v2k , (12)
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where k = 1, 2, 3 denotes the gauge groups U(1), SU(2) and SU(3), respectively. A comment about the
group theoretic data specifying our choice of representations of the link fields is in store, viz. it is encoded
in the coefficients of the VEVs in eq. (11). At the Higgsing scale mv, which we approximate by 3v, the
SM gauge couplings are given in terms of the gauge couplings gA,B by
1
g2k
=
1
g2Ak
+
1
g2Bk
. (13)
Assuming for simplicity that the components of the link fields all acquire a mass of order v, then below
the scale v the running of the gauge couplings gk is given by that of the MSSM, i.e.
dα−1k
dt
= − bk
2π
, b1 =
33
5
, b2 = 1 , b3 = −3 . (14)
Now, from the scale v up to mv ∼ 3v, the β-function coefficients become
b1 =
33
5
, b2 = 35 , b3 = 24 , (15)
where the contribution to b3 corresponds to 9 adjoints, whereas to b2 it is analogous to 17 adjoints. This
change in the β-functions is rather drastic; for instance, a factor of 3 running in energy decreases α−12,3 by
6 and 4, respectively.
Above the Higgsing scale, the β-function coefficients are split into two sets, corresponding to the two
gauge groups depicted in fig. 1, and read
bA1 =
49
5
, bA2 = 15 , bA3 = 8 , bB1 =
56
5
, bB2 = 16 , bB3 = 10 . (16)
The contribution from the link fields is 36/5 to b1, 18 to b2 and 15 to b3. These large values of the
β-function coefficients result in the fact that the gauge couplings run into Landau poles rather quickly.
Hence, the region of parameter space corresponding to weakly coupled gaugino mediation (M ≫ mv) is
somewhat far fetched.4 Models which do not contain the link field χQ do not suffer as severely from fast
running as is the case here.
As already mentioned, two other regimes are possible in our model, viz. M ∼ mv and M ≪ mv. The
case M ∼ mv, which is our main interest, provides a mild hierarchy of sparticle masses, i.e. the first two
generations of squarks acquire a mass which is a factor of a few larger than that of the third generation.
The other case, M ≪ mv, gives rise to a gauge mediation sparticle spectrum, which is nearly flavor blind,
and hence flavor constraints are satisfied trivially. However, recent collider limits place more restrictive
bounds in this case. Finally, the scale mv can be anywhere between about 10
5 GeV and the Planck scale,
but if we insist on gauge coupling unification it should be placed near the GUT scale.
2.3 Sparticle spectrum
The sfermion masses in the type of setup discussed above have been studied in detail in [29, 30, 31, 32, 33].
For simplicity, we restrict to a minimal messenger sector realized by coupling an F-term spurion S to a
single pair of messengers, T, T˜ , in the 5 and 5¯ of SU(5), via
WT = ST T˜ , 〈S〉 =M + θ2F . (17)
4Taking for instance M ∼ 1015 GeV (M ∼ 105 GeV), and assuming that the link fields have a mass v, a Landau pole
arises near 120mv (6mv). Assuming instead that the link fields have a mass mv ∼ 3v, the Landau pole moves up to 400mv
(20mv). Raising the mass of all the link field components to mv requires somewhat “large” coefficients of the irrelevant terms
in the superpotential (7).
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We introduce the variables
x ≡ F
M2
, yk ≡ mvk
M
, k = 1, 2, 3 . (18)
The gaugino masses are given by those of minimal gauge mediation [34]:
mg˜k =
αk
4π
F
M
nk q(x) , q(x) =
1
x2
[(1 + x) log(1 + x) + (1− x) log(1− x)] , (19)
where α−1k = 4π/g
2
Ak
+ 4π/g2Bk and nk is the Dynkin index of the messenger field.
The sfermion masses are given in eq. (4.2) of [33],
m2
f˜l
= 2
3∑
k=1
(αk
4π
)2( F
M
)2
C f˜
2k nkE l(x, yk) , (20)
where C f˜
2k is the quadratic Casimir of the representation under which the sfermion f˜ transforms, while
the index l runs over generations.5 The function E l for the first and second generation is given by
E1,2(x, y, λ2) = 1
x2
[
α0(x)−
(
1− λ22
)
α1(x, y) − (1 − λ2)2y2α2(x, y)− 2(1− λ2)
y2
β−1(x) + β0(x)
+
2(1 − λ2)
y2
β1(x, y) + (1− λ2)2β2(x, y)
]
, λ2 ≡
g2Bk
g2k
, (21)
whereas for the third generation it reads
E3(x, y) = 1
x2
[
α0(x)− α1(x, y)− y2α2(x, y)− 2
y2
β−1(x) + β0(x) +
2
y2
β1(x, y) + β2(x, y)
]
. (22)
The αs and βs are defined in Appendix A of [33]. The soft mass of the link field is also given by eq. (20),
with E link = E1 + E3 and an appropriate quadratic Casimir (see [33] for details).
Finally, we present an example of the spectrum for low-scale as well as for high-scale mediation in
table 1. Here we have assumed that the mass of all the link fields is near v and we have used eq. (15)
for the gauge couplings as well as two-loop corrections to the sfermion masses coming from the link field
soft masses [35]. The RG evolution from the scale v down to the weak scale and the determination of the
pole masses were done using SOFTSUSY [36].
2.4 Flavor constraints
So far, we have constructed a model which gives rise to an inverted hierarchy of squark masses and chose
link fields which produce the measured quark masses and the observed CKM matrix naturally. Yet, we
should check if the model satisfies the current flavor constraints. The most stringent constraints are due
to CP-violating FCNCs, implying that a couple of complex phases must be rather small – at the percent
level. Constraints from meson oscillations are somewhat easier to satisfy since our model has degenerate
sfermion masses for the first two generations, which ameliorate the danger of unacceptable K − K¯ and
D− D¯ mixing. Constraints due to Bd − B¯d mixing turn out to be the most important in this model; less
important are those due to Bs− B¯s mixing. Next, we establish that in a rather large regime of parameter
space, the meson mixing constraints are satisfied, as a result of the sparticle mass hierarchy as well as
quark-squark alignment.
5The expression (20) is valid for link fields in any representation (R, R¯), and the effect of the representation is encoded in
the gauge particle masses mvk .
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M = 5× 105 M = 1015
tan β = 20 F/M = 1.6× 105 F/M = 1.6× 105
(α−1B1 , α
−1
B2
, α−1B3 ) (30, 13, 5) (10, 10, 10)
(y1, y2, y3) (1.4, 1.9, 2.8) (1.9, 2.0, 2.1)
(vQ, vu, ve) (0.55M, 0.55M, 0.55M) (0.55M, 0.55M, 0.55M )
mg˜ 1287 1218
mχ˜0 (217, 416, 569, 590) (209, 407, 681, 692)
mχ˜± (416, 589) (406, 692)
(mu˜L ,md˜L ,mu˜R ,md˜R) (3241, 3242, 3094, 3085) (2279, 2280, 2024, 1925)
(mt˜1 ,mt˜2 ,mb˜1 ,mb˜2) (1114, 1218, 1195, 1222) (833, 1063, 1018, 1051)
(me˜R ,me˜L ,mν˜e) (420, 1005, 1002) (1088, 1373, 1370)
(mτ˜1 ,mτ˜2 ,mν˜τ ) (111, 309, 289) (260, 468, 466)
(mh0 ,mH0 ,mA0 ,mH±) (115, 604, 604, 609) (115, 775, 775, 779)
µ 581 694
Table 1: Sparticle pole masses in units of GeV in numerical examples, for tan β = 20 and a single
messenger. ǫQ,u are taken to be 0.1.
Let us first define the fermion mass matrices mu = Y
uvu, md = Y
dvd, me = Y
evd. We can rotate to
the mass eigenstate basis via
(UuL)
†muU
u
R = D
u , (UdL)
†mdU
d
R = D
d , (23)
in terms of which the CKM matrix is VCKM = (U
u
L)
†UdL. The most general Yukawa matrices which give
correct quark masses as well as the VCKM can be written as
Y uvu = AV
†
CKM
DuB , Y dvd = AD
dC , vu,d ≡ 〈H0u,d〉 , tan β ≡
vu
vd
, (24)
with A, B and C being arbitrary SU(3) matrices. Hence, it follows that by ignoring complex (CP)
phases we are dealing with three 3-spheres of parameter space. We find A,B,C in such a way that the
coefficients λu,dij (see eq. (2)) are all in a certain range, say [0.11, 1.1]. There are a lot of such similar
solutions, all giving rise to the measured fermion masses and CKM matrix but not necessarily to the
same flavor constraints, which we shall analyze next.
Consider the sfermion mass-squared matrix
M2
f˜
=
(
(M2
f˜
)LL (M2f˜ )LR
(M2
f˜
)RL (M2f˜ )RR
)
, f˜ = u˜, d˜, e˜ . (25)
The off-diagonal blocks, corresponding to LR/RL mixing, can be neglected in our model, because the tri-
linear couplings (A-terms) are negligible. Hence, the diagonalization ofM2
f˜
splits into the diagonalization
of the two independent LL and RR 3× 3 blocks:
D2
L,f˜
= (W f˜L )
†(M2
f˜
)LLW
f˜
L , D
2
R,f˜
= (W f˜R)
†(M2
f˜
)RRW
f˜
R , (26)
in terms of which the quark-squark-gluino mixing matrices are given by
(ZfL)ij = −(UfL)†ik (W f˜L)kj , (ZfR)ij = (UfR)†ik (W f˜R)kj , f = u, d , (27)
7
with i, j, k = 1, 2, 3.
Let us now describe the calculation of the FCNC contributions to the K − K¯ mixing in our model.
The squark-gluino box contribution to the neutral kaon mixing can be parametrized by
H = C1O1 + C˜1O˜1 + C4O4 + C5O5 , (28)
where
O1 = d¯
α
Lγµs
α
Ld¯
β
Lγ
µsβL , O4 = d¯
α
Rs
α
Ld¯
β
Ls
β
R , O5 = d¯
α
Rs
β
Ld¯
β
Ls
α
R . (29)
O˜1 is related to O1 by left and right interchange. There are generically more operators (i.e. O2, O3, O˜2, O˜3)
which are negligible here due to the negligible A-terms.
The coefficients in front of the operators taken at the superpartner scale are given by [37, 38, 39]
C1 = α
2
s
3∑
i,j=1
(
11
36
ALLij +
1
9
BLLij
)
(ZdL)
∗
1i(Z
d
L)2i(Z
d
L)
∗
1j(Z
d
L)2j ,
C˜1 = α
2
s
3∑
i,j=1
(
11
36
ARRij +
1
9
BRRij
)
(ZdR)
∗
1i(Z
d
R)2i(Z
d
R)
∗
1j(Z
d
R)2j ,
C4 = α
2
s
3∑
i,j=1
(
−1
3
ALRij +
7
3
BLRij
)
(ZdL)
∗
1i(Z
d
L)2i(Z
d
R)
∗
1j(Z
d
R)2j ,
C5 = α
2
s
3∑
i,j=1
(
5
9
ALRij +
1
9
BLRij
)
(ZdL)
∗
1i(Z
d
L)2i(Z
d
R)
∗
1j(Z
d
R)2j , (30)
where the 3× 3 matrices AMN , BMN , M,N = L,R, are given by
AMNij =
m2g˜
(m2i −m2g˜)(m2j −m2g˜)
+
m4i
(m2i −m2j)(m2i −m2g˜)2
log
(
m2i
m2g˜
)
+
m4j
(m2j −m2i )(m2j −m2g˜)2
log
(
m2j
m2g˜
)
,
BMNij =
m2g˜
(m2i −m2g˜)(m2j −m2g˜)
+
m2im
2
g˜
(m2i −m2j)(m2i −m2g˜)2
log
(
m2i
m2g˜
)
+
m2jm
2
g˜
(m2j −m2i )(m2j −m2g˜)2
log
(
m2j
m2g˜
)
,
with mi ≡
(
D
M,d˜
)
ii
, mj ≡
(
D
N,d˜
)
jj
(see eq. (26)) and mg˜ is the gluino mass. These operators should be
evolved by RG equations down to approximately the hadronic scale µ = 2GeV. This can be done using
the so-called magic numbers; see e.g. [40]. Finally, we can evaluate the contribution to the KL−KS mass
difference as6
∆mK = 2Re
〈
K0
∣∣H ∣∣K¯0 〉 . (31)
Constraints due to Bd − B¯d and Bs − B¯s mixing can also be evaluated using eq. (30), by substituting
(ZdL,R)1i and (Z
d
L,R)2i with (Z
d
L,R)1i and (Z
d
L,R)3i, respectively (for Bd−B¯d) or with (ZdL,R)2i and (ZdL,R)3i,
respectively (for Bs − B¯s). The constraints coming from D − D¯ mixing are similarly evaluated using
eq. (30), by changing Zd to Zu. The magic numbers for Bq − B¯q mixing are given in [42], while those for
D − D¯ mixing are in [41]. The experimental constraints that we have used are shown in table 2.
Constraints from b → sγ (due to the gluino-squark loop) have been computed using expressions in
[43, 44]; these constraints are linearly enhanced by tan β and are in principle important especially if there
is interference between the new physics and the SM contributions [45]. We found that these constraints
are always satisfied in our model.
6For the matrix elements of the operators, see e.g. [41].
8
Experimental value
∆mK0 3.483×10−12MeV
∆mD0 1.57×10−11MeV
∆mB0 3.337×10−10MeV
∆mBs 1.163×10−8MeV
|ǫK | 2.228×10−3
|ǫSMK | 1.8×10−3
BR(b→ sγ) (3.55 ± 0.24)×10−4
BR(b→ sγ)SM (3.15 ± 0.23)×10−4
BR(µ→ eγ) < 2.4×10−12
Table 2: Limits used in the FCNC analyses; |ǫK | is the measured value of the kaon ǫ-parameter, while
|ǫSMK | is a calculation of the Standard Model contribution [46]. The experimental value of BR(b→ sγ) is
for Eγ > 1.6GeV; the Standard Model calculation BR(b→ sγ)SM is taken from [47].
We now return to inspecting the big parameter space of the model discussed above. We randomly
choose the matrices A,B,C of eq. (24) to find coefficients λu,dij of order one, which produce the measured
fermion masses and the CKM matrix elements. For concreteness, let the λs be in a certain range, say
[0.11, 1.1]. We have done some statistics by finding random coefficients λu,dij of the model such that all
the neutral meson oscillation constraints are within the experimental bounds7. For simplicity, we have
used in the analysis the running fermion masses at the scale of the top mass (see e.g. table in 1 in [48]).
By repeating this exercise 5,000 times we get within an accuracy of roughly 1.4% that 41% of randomly
chosen coefficients give rise to specific model data passing all the above-mentioned flavor constraints in
the case of the spectrum shown in the first column of table 1, i.e. in the low-scale mediation example.
For the high-scale mediation example (with masses shown in the second column of table 1) we find by
the same analysis that 45% of the randomly chosen model points satisfy all the flavor constraints. This
shows that the model has a large space of parameters which works out well in terms of the quark masses,
the CKM matrix and flavor constraints.
If an order one complex phase is added to the rotation matrix of the right-handed squarks, constraints
from CP violation are rather stringent. One constraint is coming from the ǫK parameter in the neutral
kaon system,
ǫK =
1√
2∆mK
Im
〈
K0
∣∣H ∣∣K¯0 〉 . (32)
There are 15 phases that in principle can contribute to this observable (9 from Y d, 3 from (M2
d˜
)LL and
3 from (M2
d˜
)RR). If the masses of the first two generations of squarks are equal, we can use a symmetry
space of dimension 13 to set some of the phases to zero. This implies that only 2 independent physical
phases can contribute to ǫK . The SM prediction [46], however, is rather firm (see table 2) and therefore
we limit the contribution from new physics in our model to be within the difference |ǫK | − |ǫSMK | which
typically means that the two independent complex phases situated in the right-handed rotation matrix
UdR should be tuned at the percent level.
8 This is left as a weak point of our model.
Flavor violations in the leptonic sector could be induced by the non-diagonal couplings in Y e (see
eq. (4)). However, here the situation with µ→ eγ is rather robust, due to the degeneracy of the selectron
7Due to hadronic uncertainties, we impose that the new physics contribution to each meson oscillation does not exceed
the experimental bound on each of them.
8This observation is consistent with the results of [14].
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and smuon masses; using eq. (20) in [38] as an estimate, a typical example with order one non-diagonal
couplings, gives at worst about 1/30 of the current experimental limits.
Above, we presented the results of the analysis done for tan β = 20. We have done the statistical
analysis also in the case tan β = 50 and obtained similar results; the number of model points satisfying
the flavor constraints increased slightly with respect to that of tan β = 20.
3 Higgs mass and naturalness
It is well known that there is some tension in the MSSM between the LEP bounds on the Higgs mass
and naturalness. On the one hand, in gauge-mediated models, a stop with mass of about 1 TeV or more
is needed for feeding quantum corrections into the Higgs mass in order to raise it above 114 GeV. On
the other hand, the stop mass should not be much heavier than the weak scale in order to cut off the
quadratic divergences of top loops. This tension is enhanced significantly if the Higgs is heavier. Recently,
the ATLAS and CMS collaborations have presented evidence for a SM-like Higgs boson with a mass of
about 125 GeV [49, 50]. If a Higgs boson with such mass will be discovered, a stop of about 5 TeV or
above would be needed, leading to about 0.1% fine tuning or worse.
The root of this little hierarchy problem is due to the fact that in the MSSM the tree-level mass of the
Higgs is bounded by mZ and hence a big loop correction is needed. Interestingly, in our class of models
there exists a natural mechanism for raising the tree-level Higgs mass, because the D-term of the heavy
gauge bosons does not decouple completely in the presence of SUSY breaking. The usual MSSM D-terms
are modified to [51]
VD =
g22(1 + ∆2)
8
∣∣∣H†uσaHu +H†dσaHd∣∣∣2 + 35 g
2
1(1 + ∆1)
8
∣∣∣H†uHu −H†dHd∣∣∣2 , (33)
where σa are the Pauli matrices and ∆k are given by
∆k =
α−1Bk
α−1Ak
2m2χk
m2vk + 2m
2
χk
, m2χ1 =
m2χQ + 8m
2
χu
+ 6m2χe
15
, m2χ2 = m
2
χQ
, (34)
where m2χR are the soft masses of the link fields. In the presence of ∆1,2, the usual bound mh0 < mZ at
tree level (which is saturated at large tan β) is replaced by
m2h0 <
3
5
g21(1 + ∆1) + g
2
2(1 + ∆2)
2
v2ew , vew = 174GeV . (35)
If ∆1,2 are of order one, this contribution is quite useful for ameliorating the little hierarchy problem.
This puts an upper bound on mvk , of the order of the link-field soft masses (which are at most about 10
TeV). A second requirement is that α−1Bk is not too small compared to α
−1
Ak
.9 When the link fields χ, χ˜
are bifundamentals of SU(5), this mechanism can raise the Higgs mass rather effectively. For instance,
remaining in the perturbative regime, for gAk ≈ gBk it provides a 140 GeV Higgs with the stop mass near
the TeV [24].
The main obstacle in realizing this mechanism in a model with χQ link fields is that we generically
need mvk ≈ M to be far away from Landau poles, and M should be at least a few 100’s of TeV to
give the right sparticle masses. Nevertheless, if we stretch the scales of the problem to the limit, this
is marginally possible in the low-mediation regime; if the irrelevant operators of the superpotential (7)
have large enough coefficients (of order of a few), and all the link-field matter has mass of order mv ≈ 10
9To maximize the effect, we should send gAk to ∞ and hence gBk goes towards the effective coupling gk. This would of
course take us out of the perturbative regime.
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TeV, a Landau pole is reached near 20mv , which is just enough to accommodate for the messengers. This
corner of parameter space is in a regime where we can only marginally trust perturbative calculations.
Yet, this regime is also motivated for the following reason. The condensed values of the various scales
in this case, provide a possible solution to the µ problem: following the strategy of [14], we can prohibit
a direct µHuHd term by some symmetry, and then obtain the µ-term from the operator χχ˜HuHd/Λ; it
gives the correct order of magnitude if this irrelevant operator has an order one coefficient.
Figure 2: A diagram describing a modification of the model in order to give an extra tree-level contribution
to the Higgs mass, ameliorating the little hierarchy problem.
A possible alternative is shown in figure 2. We add an extra gauge group Gσ , taken to be SU(2), and
an extra set of link fields σ, σ˜ in the bifundamental of SU(2)σ × SU(2)A. Suppose now that σ, σ˜ get a
VEV vσ ≈ 104 GeV, e.g. using irrelevant operators as in the case of χ, χ˜. Assuming that vχ ≫ vσ and
coupling Gσ to the SUSY-breaking messenger, then the link field σ gets a gauge-mediated soft mass mσ
providing the Higgs potential with a contribution as in eq. (33), with
∆1 = 0 , ∆2 =
α−1σ
α−1A2
2m2σ
m2vσ + 2m
2
σ
, m2vσ = 2(g
2
σ + g
2
2)v
2
σ . (36)
Following [51], it might even be possible to obtain unification as well as having a heavy Higgs, by taking
the VEV of χ to be near the GUT scale. Only the running of the SU(2) gauge coupling is potentially
affected, but the two new contributions, i.e. from the extra gauge bosons as well as from the link fields
σ, cancel out. Several alternatives, generically not consistent with unification, could be considered. For
instance, we could take Gσ = U(1) or SU(2)×U(1), as well as various representations for σ. Other ways
of achieving unification might also be a possibility here; see e.g. [52, 53].
One should note that in parameter space, the LHC Higgs production cross section could deviate from
that of the Standard Model. For a recent study of this issue in the MSSM, both with and without extra
D-terms, see [54]. Constraints from b → sγ (due to charged Higgs-top and chargino-stop loops) can be
important and depend on the details of the spectrum in the Higgs sector.
Another way to achieve a heavier Higgs boson is to couple the Higgs sector to the SUSY-breaking one,
in order to generate a large trilinear At-term at the messenger scale. For instance, this is possible if the
Higgses mix with doublet messengers [55].
4 Three nodes model
To generate a hierarchy also between the first and second generations of SM fermion masses without
tuning any coefficients, we consider the three-nodes extension shown in fig. 3. In this example, both the
link fields χ, η are taken in the representations {χQ, χuc , χec}, {ηQ, ηuc , ηec}.
Introducing higher dimension operators, as before, this model gives rise to Yukawa matrices of the
11
SUSY
G
3 gen, H
G
u,d
B
χ   χ
A
2 gen
~
GC
η   η
~
1 gen
Figure 3: A diagram describing the model with GA, GB , GC being gauge groups and χ, χ˜, η, η˜ being link
fields.
form
Yu =

ǫuǫQδQδu ǫuǫQδQ ǫQδQǫuǫQδu ǫuǫQ ǫQ
ǫuδu ǫu 1

 , Yd =

ǫuǫQδQδu ǫuǫQδQ ǫQδQǫuǫQδ2Q ǫuǫQ ǫQ
ǫ2Qδ
2
Q ǫ
2
Q 1

 , (37)
Ye =

ǫuǫQδQδu ǫuǫQδQδu ǫuǫQδQδuǫuǫQδe ǫuǫQ ǫuǫQ
ǫeδe ǫe 1

 ,
where ǫR = 〈χR〉/Λ and δR = 〈ηR〉/Λ. The texture of Y u is again identical to the one realized in single-
sector SUSY breaking [16, 19]; Y d instead is slightly different in the lower triangular part. For generic
order one coefficients, λu,d,eij , these textures predict
mc
mt
∼ ms
mb
∼ mµ
mτ
∼ O(ǫuǫQ) , mu
mc
∼ md
ms
∼ me
mµ
∼ O(δuδQ) , mt
mb
∼ mt
mτ
∼ tan β . (38)
The MSSM gauge couplings gk are given in terms of the gauge couplings of the unbroken theory by
1
g2k
=
1
g2Ak
+
1
g2Bk
+
1
g2Ck
, (39)
where k = 1, 2, 3 correspond to the U(1), SU(2) and SU(3) gauge groups, respectively. Above the Higgsing
scale the gauge β-function coefficients read
bA1 =
49
5
, bA2 = 15, bA3 = 8, bB1 =
82
5
, bB2 = 32, bB3 = 23, bC1 =
46
5
, bC2 = 14, bC3 = 8 . (40)
Running by a factor of ten in energy decreases α−1B2 by an amount of about 12, and α
−1
B3
by 10, α−1A2 , α
−1
C2
by 5 and α−1A3 , α
−1
C3
by 3. Hence, the running of the gauge couplings is even faster than in the two-nodes
model. The gauge couplings are running into Landau poles in about a factor of ten in energy above the
Higgsing scale, and thus the regime M ≫ mv is unattainable.
The main experimental challenge for this model is due to the constraints from K − K¯ and D − D¯
oscillations, which allow just for tiny differences between the first and the second generations of squark
masses. For this purpose, we introduce an approximate Z2 symmetry, forcing the gauge couplings of GB
and GC to be the same and also the messengers coupled to the gauge groups have the same mass and are
coupled in the same way to a common SUSY-breaking spurion. In order not to break this approximate
symmetry by the different running of the couplings gB,C , one may consider adding extra matter to GC
such that the running becomes approximately equal.
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4.1 Sparticle spectrum
Let us define the quantities vǫk, vδk in analogy with the two-nodes case in eq. (11). The mass-squared
matrix of the gauge bosons is given by
M2Vk = 2

 g2Akv2ǫk −gAkgBkv2ǫk 0−gAkgBkv2ǫk g2Bk (v2ǫk + v2δk) −gBkgCkv2δk
0 −gBkgCkv2δk g2Ckv2δk

 . (41)
Hence, the masses of the heavy gauge bosons are
(m∓vk)
2 = ak + bk ∓
√
(ak + bk)2 − 4(g2Akg2Bk + g2Bkg2Ck + g2Akg2Ck)v2ǫkv2δk , (42)
where ak ≡ (g2Ak + g2Bk)v2ǫk and bk ≡ (g2Bk + g2Ck)v2δk.
We can again apply the results of [33]. Defining the variables
x =
F
M2
, y−k =
m−vk
M
, y+k =
m+vk
M
, (43)
the soft masses of the sfermions are given by eq. (20), where E l is different for each generation l = 1, 2, 3:
E1 = nCkK
(
x, y−k , y
+
k , 2
g2Bkg
2
Ck
v2δk + g
2
Ck
(g2Ak + g
2
Bk
)v2ǫk
M2g2k
,
g2Ck
g2k
)
+ nBkK
(
x, y−k , y
+
k , 2
g2Bkg
2
Ck
v2δk
M2g2k
, 0
)
,
E2 = nCkK
(
x, y−k , y
+
k , 2
g2Bkg
2
Ck
v2δk
M2g2k
, 0
)
+ nkBK
(
x, y−k , y
+
k , 2
g2Akg
2
Bk
v2ǫk + g
2
Bk
g2Ckv
2
δk
M2g2k
,
g2Bk
g2k
)
, (44)
E3 = nCkK
(
x, y−k , y
+
k , 0, 0
)
+ nBkK
(
x, y−k , y
+
k , 2
g2Akg
2
Bk
v2ǫk
M2g2k
, 0
)
,
where the function K is defined in eq. (4.14) of [33], and nBk , nCk are Dynkin indices of the messengers
coupled to GB and GC , respectively. The soft masses of the gauginos are given by eq. (19), with nk =
nBk + nCk . The RG evolution down to the weak scale is done in a similar way to that of the two-nodes
case.
In general, even for equal gauge couplings and equal messenger sectors for GB,C , there is a splitting
between the first and second generation sfermion masses, which depends parametrically on all the gauge
couplings as well as the precise values of ǫR and δR. To minimize this splitting, we have chosen δ slightly
larger than ǫ by a factor of ∼ 3 (see example spectra in table 3). In several examples we have observed a
tendency of a very light (or even tachyonic) stau. This problem can be ameliorated by increasing slightly
the VEV of χec .
4.2 Flavor Constraints
As already mentioned in the previous subsection, the main problem in this three-nodes version of our
model lies in satisfying the K − K¯ and D − D¯ mixing constraints. It turns out that the Bq − B¯q mixing
constraints are nearly automatically satisfied. This is due to the improved pattern giving rise to an extra
hierarchy between the first two generations. K − K¯ and D − D¯ mixing constraints, on the other hand,
pose a bigger challenge with respect to the two-nodes model, as the first two generations of squark masses
are not degenerate. To quantify how well the model works, we did the same type of statistical analysis as
in the two-nodes case, viz. we calculated 5,000 model points of order one coefficients λQ,u,e in the range
[0.11, 1.2], and we found that 63% of the points satisfy all the flavor constraints simultaneously in the case
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M = 8× 105 M = 1015
tan β = 20 F/M = 105 F/M = 0.8× 105
(α−1B1,C1 , α
−1
B2,C2
, α−1B3,C3) (15, 6.5, 2.5) (5, 5, 5)
(vǫQ, vǫu, vǫe) (M/3,M/3,M) (M/3,M/3,M/3)
(vδQ, vδu, vδe) (M,M,M) (M,M,M)
(y−1 , y
−
2 , y
−
3 ) (1.9, 1.2, 1.9) (1.1, 1.4, 1.4)
(y+1 , y
+
2 , y
+
3 ) (3.0, 4.9, 7.9) (5.6, 5.6, 5.6)
mg˜ 1556 1225
mχ˜0 (264, 502, 615, 645) (203, 402, 645, 658)
mχ˜± (503, 644) (402, 658)
(mu˜L ,md˜L ,mu˜R ,md˜R) (3592, 3593, 3434, 3428) (2056, 2057, 1839, 1754)
(mc˜L ,ms˜L ,mc˜R ,ms˜R) (3489, 3490, 3335, 3329) (2009, 2011, 1799, 1718)
(mt˜1 ,mt˜2 ,mb˜1 ,mb˜2) (1164, 1262, 1237, 1278) (811, 1016, 969, 1007)
(me˜R ,me˜L ,mν˜e) (355, 1078, 1074) (958, 1209, 1207)
(mµ˜R ,mµ˜L ,mν˜µ) (337, 1047, 1044) (928, 1176, 1172)
(mτ˜1 ,mτ˜2 ,mν˜τ ) (114, 258, 221) (172, 383, 368)
(mh0 ,mH0 ,mA0 ,mH±) (116, 619, 619, 624) (116, 699, 699, 704)
µ 627 658
Table 3: Sparticle masses in units of GeV in some numerical examples (with nB = nC = 1), for three
nodes, tan β = 20, and δq,u,e = 0.24, ǫq,u = 0.08. In the first column, ǫe = 3ǫq,u is chosen to avoid a
tachyonic stau, while in the second column ǫe = ǫq,u.
of the low-scale mediation spectrum shown in the first column of table 3. In the case of the high-scale
mediation spectrum, shown in the second column of table 3, we found that 33% of the model points satisfy
all the flavor constraints. Hence, we conclude that even though the model potentially has problems with
K − K¯ and D − D¯ mixing, a large part of parameter space satisfies the constraints.
Finally, as in the two nodes model, we have also redone the analysis with tan β = 50, and we found
the same conclusion, i.e. the number of model points satisfying the flavor constraints increased slightly
with respect to that of tan β = 20.
5 Discussion
In this work, we investigated the possibility that flavor hierarchies are explained by the pattern of allowed
gauge-invariant operators which follow from a quiver-like, UV completed model. We found that, both
in the two and three-nodes examples, the quark as well as the lepton masses, and the CKM matrix, are
naturally derived and, moreover, this is consistent with meson mixing constraints in a considerable part
of the parameter space.
Constraints from CP violation are more stringent; for the model to be consistent with the bounds
on the ǫK parameter, we need to tune a couple of the complex phases at the percent level. It would be
interesting to find a mechanism protecting the model, e.g. by increasing the mass of the right-handed
sbottom [7].
The texture of the quarks and SM lepton sectors in our model is rather good. On the other hand,
relative neutrino masses and their mixing do not come out at the correct order of magnitude; it would
thus be interesting to extend the model in this direction as well. It would also be interesting to explore
in detail extensions of the model which can provide extra contributions to the Higgs mass, as briefly
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discussed in section 3.
Finally, our observation that the χQ link field gives rise to natural textures has a simple reasoning.
Clearly, we need either a χQ or a χL to provide an SU(2)-charged link. Now, it turns out that choosing
a χL link field, the i, j = 1, 2 components of the Yukawa matrices (in the two-nodes case) are given by
a single ǫL, to leading order. Thus, to accommodate for the observed mass hierarchy, we need to take
ǫL ∼ 1/100. This suppresses the quark mixings. Another effect is that coupling a χL alone to the MSSM
matter and Higgs cannot generate e.g. the 3i elements of the Yukawa matrices, and hence suppresses the
quark mixing even further. Choosing instead the χQ link field, we need at least a product of two link
fields to generate a gauge-invariant coupling of the i, j = 1, 2 MSSM fields with the Higgs (see eq. (1)).
On the other hand, to couple the third generation to the light ones, requires a single χQ to provide a
gauge-invariant operator. Consequently, ǫQ needs to be around 1/10 to reproduce the mass hierarchy and,
moreover, the mixing is automatically sufficiently large, leading naturally to the measured CKM values.
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